With the increasing depletion of non-renewable resources, the consequences caused by "greenhouse effect" are more serious; with the enhanced awareness of human environmental protection, energy saving and emission reduction has become a core advocated in the national economic development process [1] . The energy Internet is presented in the context of global energy and climatic issues. Energy Internet refers to establishment of an information communication channel between the user and the energy system, in order to optimize the energy production, transportation, distribution, storage, scheduling, trading and other links to a maximum extent, and ultimately provide better energy services for each user [2] . Since the concept of energy Internet has been presented, the electricity industry has always implemented the development concept of innovation, coordination, green and precognition. The energy saving and emission reduction in China electricity industry has made a better progress, but there are still shortcomings. In the context of the previous low-carbon economy, a large number of scholars have conducted detailed researches on the path of energy saving and emission reduction. However, in the context of energy Internet, very few people use professional software and mathematical formula to establish the corresponding model to predict carbon emissions. This paper attempts to first analyze the influencing factors of carbon emission in China electricity industry in the context of the energy Internet, and then establish the corresponding model to predict carbon emissions, and finally verify the accuracy of the prediction results.
RESEARCH BACKGROUND
With the increasing depletion of non-renewable resources, the consequences caused by "greenhouse effect" are more serious; with the enhanced awareness of human environmental protection, energy saving and emission reduction has become a core advocated in the national economic development process [1] . The energy Internet is presented in the context of global energy and climatic issues. Energy Internet refers to establishment of an information communication channel between the user and the energy system, in order to optimize the energy production, transportation, distribution, storage, scheduling, trading and other links to a maximum extent, and ultimately provide better energy services for each user [2] . Since the concept of energy Internet has been presented, the electricity industry has always implemented the development concept of innovation, coordination, green and precognition. The energy saving and emission reduction in China electricity industry has made a better progress, but there are still shortcomings. In the context of the previous low-carbon economy, a large number of scholars have conducted detailed researches on the path of energy saving and emission reduction. However, in the context of energy Internet, very few people use professional software and mathematical formula to establish the corresponding model to predict carbon emissions. This paper attempts to first analyze the influencing factors of carbon emission in China electricity industry in the context of the energy Internet, and then establish the corresponding model to predict carbon emissions, and finally verify the accuracy of the prediction results.
REVIEW OF RELATED RESEARCHES
Energy Internet is the product of the deep integration with energy and Internet, which has become a new focus in the current international academic circles and industrial circles, and also a frontier development direction and an important subject followed by the smart grid in the energy industry. In 2008, the National Science Foundation of the US funded FREEDM project, proposed the construction of Energy Internet, and set up a research center [3] . In the same year, the German Federal Ministry of Economy and Technology and the Ministry of Environment launched E-Energy project, proposed the construction of the Internet of Energy, and implemented six demonstration projects [4] . In 2011, Rifkin's Third Industrial Revolution made the energy Internet as one of cores of the Third Industrial Revolution, and generated an extensive influence [5] . Neil Strachan et al. used MARKAL-MACRO model to research conditions of CO 2 emissions. The research results showed that the goal of reducing 60% of CO 2 emissions in the UK could be achieved [6] . Patrik Soderholm researched the impact of low-carbon futures on the carbon emission reduction in the electricity industry [7] . The research of James Nelson showed that the core of reducing CO 2 emissions is to achieve emission reductions in the electricity industry [8] . Since 2012, the country has launched a series of discussion and preliminary researches on the energy Internet [9] [10] [11] [12] [13] [14] [15] [16] [17] . China Engineering Science and Technology Development Strategy Research Institute included the energy Internet into China's strategic emerging industries [18] , and the State Grid presented a global concept of energy Internet [19] . In 2015, the Chinese government put forward "Internet +" strategy, that is, to enhance the production efficiency of traditional industries by virtue of the network technology, in order to achieve the purpose of energy saving and emission reduction. Later, the new economy and the new format has become a mainstream of China's economic development [20] . In September 2015, President Xi Jinping further proposed and advocated the realization of "global energy Internet" at the United Nations Development Summit. Based on the previous research results and modeling analysis, it is expected that this research can add bricks and tiles for the development of energy saving and emission reduction in China electricity industry. Y=β +β x +β x + +β x +ε (1) In Equation (1), β: parameter to be estimated; ε: random error term. Supposing that there are n groups of samples (x i1 , x i2 , x ip , y i ), in which i = 1, 2,..., n, the multiple linear regression forms a matrix form, as shown in the following equation: 
The matrix form of multiple linear regression equation can be expressed as:
Y=Xβ+ε (3) 3.1.2 Grey prediction method Grey prediction method is a method to predict the system with uncertain factors. The basic idea of this method is to first carry out a certain processing of the original data to be predicted to make it become a data series with a stronger regularity, and then establish the corresponding differential equation for the regular data series, and use the differential equation to predict the development and variation trend of the matters.
Markov prediction
Markov prediction is a kind of prediction method used to research the variation rules of random events by using Markov chain theory in the probability and mathematical statistics, in order to predict the future variation trend of the random events. m-step transition probability matrix (m) ij P refers to the probability of system transition from state i to state j after m step. It does not have any requirements on m-1 step transition process.
Chapman-Kolmogorove gives out the relationship between P (m) and P, namely, C-K equation:
Transition matrix P ij represents the probability of system transition from state S 1 to state S 2 . According to C-K equation:
Where: S(n): state of predictive object at the moment n; P: one-step transition probability matrix. If the state vector S(m+n) at the moment m+n is further predicted, then:
Determination of prediction methods

3.2.1
Comparison with advantages and disadvantages of prediction methods 1. Regression analysis. Advantages: (1) the method is simpler and more convenient in analyzing the multi-factor model. (2) The model and data used in the research are the same, and then the calculation result is unique. (3) The degree of correlation between various factors and the degree of regression fit can be accurately measured to improve the effect of prediction equation. Disadvantages: In the regression analysis, what factors are chosen and which functional expression should be used for these factors is only a speculation of the researcher, which will be affected by the uncertainly of some factors, so that the application of regression analysis method is limited in some cases.
2. Grey prediction analysis. Advantages: (1) the data size required is smaller, the prediction is more accurate, and the accuracy is higher; (2) the sample distribution of the data does not require regularity, and the calculation method is simple; (3) the effect of medium and long-term prediction is also better. Disadvantages: (1) when the null point calculated in the grey prediction is different, the prediction results will be different. (2) If the length of original sequence is different, the prediction results will be different. (3) If the number of original sequence accumulation is different, the prediction results of model will be different.
3. Markov prediction analysis. Advantages: (1) the state prediction effect of the process is good; (2) the process can be derived from according to the policy planning results; (3) prediction results are free of aftereffect. Disadvantages: (1) the probability of state transition can be estimated. If the estimated accuracy is different, the prediction structure will be different; (2) if the initial moment is different, the prediction results will be different; (3) It is not suitable for the medium and long-term prediction of the system.
Selection of prediction methods
The carbon emissions prediction in the electricity industry is the speculation of the future carbon emission based on previous and present carbon emissions, so the inferred results are characterized by uncertainty, conditionality, timeliness and so on. By comparison with the advantages and disadvantages of each prediction method, based on the long-term carbon emission prediction in the electricity industry under the energy Internet background, we find that the multiple regression prediction is the most consistent with the carbon emission prediction in this paper. Therefore, this paper adopts the multiple regression prediction method to predict the carbon emission in China electricity industry.
CARBON EMISSION PREDICTION IN CHINA ELECTRICITY INDUSTRY
Analysis of influencing factors of carbon emission in the electricity industry
Carbon emissions are derived from the energy consumption in the electricity industry multiplied by its corresponding carbon emission coefficient [21] . This paper introduces the influencing factors of carbon emission in China electricity industry from the power supply side, demand side and power grid side respectively. Energy Internet is characterized by the change of the current system operation in the electricity industry, which can adjust the energy structure, promote energy conservation, and environmental protection power system construction and so on, so this paper selects the influencing factor of the carbon emission in the electricity industry from the power supply side as the power supply structure. Considering that the energy Internet can improve the refinement level of demand side management of the electricity sales enterprise, the implementation of demand side management in the electricity industry is incorporated in the influencing factors; on the demand side, the influencing factors of carbon emission in the electricity industry also include population growth, economic development, industrial structure, electricity consuming structure and so on. The content of energy Internet include two parts, namely, micro-grid and large power grid. The large power grid plays a role of "backbone network" in the electronic network, and completes the main energy transportation work, and its advantages in the energy transportation efficiency are irreplaceable by the current power grid, so this paper views the line loss as an influencing factor of carbon emission on the power grid side. The indicators of various factors are shown in Table 1 . In order to analyze the quantitative relations between various influencing factors and electricity demand, this paper chooses the data from 2000 to 2012 (Table 2 ) to research.
To reduce the impact of data fluctuation, the data in Table 2 are logarithmic, and SPSS software is used for correlation analysis of the relationship between each influencing factor and carbon emission. The specific analysis results are shown in Table 3 .
As shown in Table 3 , there is a positive correlation between the carbon emission in the electricity industry and the economic development, industrial structure and line loss; there is a negative correlation between the power supply structure, implementation of power demand side management and electricity consuming structure; there is an insignificant correlation between the power supply structure and electricity consuming structure and the carbon emission in the electricity industry. In addition, there is a certain correlation between the influencing factors, so there are multicollinearity relations in the prediction model.
Construction of carbon emission prediction model
According to the above analysis, there is a correlation between the influencing factors of carbon emission (Table 3) , so the original least squares estimate in the multiple regression prediction loses its effectiveness, while the ridge estimate can reduce the impact of multicollinearity on the regression prediction. Therefore, the multiple regression model constructed in this paper uses the ridge estimate to predict the carbon emission in the electricity industry. According to the ridge regression parameter K selected by the ridge trace map method, the carbon emission prediction model in the electricity industry constructed in this paper is as follows: 
Where: Y, X 1 , X 2 , X 3 , X 4 , X 5 and X 6 respectively represent the carbon emission in the electricity industry, economic development, power supply structure, implementation of power demand side management, line loss, electricity consuming structure and industrial structure; ε t is a white noise sequence.
Carbon emission prediction in the electricity industry
Carbon emission prediction in China electricity
industry By using SPSS software, bringing in the data in Table  2 , and using the ridge estimate, the solved ridge trace map of the carbon emission prediction model in China electricity industry is shown in Figure 1 .
As can be seen from Figure 1 , when the ridge regression parameter K is 0.25, the regression model coefficients begin to be stable. Therefore, this paper selects the regression model coefficients corresponding to the ridge regression parameter K of 0.25. The specific regression estimate results are shown in Table  4 . Table 3 . Influencing factors of carbon emission in China electricity industry and correlation between carbon emissions. Note: X1, X2, X3, X4, X5 and X6 respectively represent the economic development, power supply structure, implementation of power demand side management, line loss, electricity consuming structure, industrial structure and other factors.
The formula of the carbon emission prediction in China electricity industry is: 
As can be seen from Table 4 , the carbon emission prediction model in the electricity industry is well fitted, with the goodness of fit of 99.4%. Table 4 shows that, the promoting factors of the carbon emission in the electricity industry are economic development, power supply structure, line loss and electricity consuming structure; the inhibiting factors of the carbon emission in the electricity industry are the implementation of power demand side management and the industrial structure. As can be seen from the estimate results, at the significance level of 1%, X 2 (power supply structure), X 3 (implementation of power demand side management) and X 5 (electricity consuming structure) fail to pass P test, but all influencing factors can pass P test at the significance level of 10%. Viewing from the perspective of power supply side, the power supply structure has a promoting effect on the carbon emission in the electricity industry, and among all influencing factors, the promoting effect of the power supply structure is the biggest. The prediction results show that the higher the proportion of thermal power, the more the carbon emission in China electricity industry. Viewing from the perspective of demand side, the economic development and electricity consuming structure have a promoting effect on the carbon emission in China electricity industry. That is, with the increase in GDP and the proportion of electricity consumption in the secondary industry, the carbon emission in China electricity industry will be more and more, and the promoting effect of the economic development is greater than that of the electricity consuming structure. The implementation of power demand side management and the industrial structure have an inhibiting effect on the carbon emission in China electricity industry. That is, with the increase in the number of introduced policies of the implementation of power demand side management and the proportion of tertiary industry, the carbon emission in China electricity industry will be decreased. Among all inhibiting factors, the inhibiting effect of the industrial structure is the biggest.
Viewing from the perspective of power grid side, with the increase in the line loss, the carbon emission in China electricity industry also increases. That is, with the increase in the transmission and distribution loss, the carbon emission in the electricity industry will be more and more.
Predictive effect test
Model prediction accuracy refers to the fitting degree of analog value and historical actual value generated by the model [21] . In the research of the model prediction accuracy, the commonly used test methods are: root-mean-square error (RMSE), mean absolute error (MAE), mean absolute percentage error (MAPE) and so on. The formula is as follows: 
Where: x i and x ii : the actual value and model prediction value in the i-th period; n: number of predicted points. Lewis introduced MAPE results as a method to determine the model prediction accuracy. When the prediction error <5%, the prediction is good; 5% -10% is a good prediction; 10% -20% is a reasonable prediction; > 20% is an inaccurate prediction. This paper uses MAPE to test the accuracy of prediction value in China electricity industry. The test results show that the prediction accuracy of the model is acceptable.
RESEARCH CONCLUSION
Combined with the characteristics of energy Internet, this paper analyzes the influencing factors of carbon emission in the electricity industry from the power supply side, demand side and power grid side respectively, and constructs a carbon emission prediction model in China electricity industry based on the ridge regression method, and carries out simulated analysis and test of the prediction model by bringing in the data. The regression results show that the power supply structure, economic development, electricity consuming structure and electricity loss have a promoting effect on the carbon emission in the electricity industry, and the promoting effect of the power supply structure is the biggest; the implementation of power demand side management and the industrial structure have an inhibiting effect on the carbon emission in China electricity industry, and the inhibiting effect of the industrial structure is the biggest.
